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Motion Di

(attn. John

RQetober 1785,

trew motion
tharacterize the activities
in ref.

The maodels are

data presented in ref.

1 under

S ' ORIGINAL PAGE I8
OE POOR QUALITY

C Date: February 24, 1784
(‘ To: - J.F.L. Lee
'7?:_
N Froms M.d. Kaindl
i Subjgct: GSvechzstic Crew Motion
- Response Analysis
. References:s 1. “Herndbonk on Astronzut (rew
h Control System Design®,
- 2. CEL from W. McGuire to MDAC
i Farrows) dated 1
. Summary:

Twoe stochastic crew mation
Cﬁ flexible Zpace Station response analyses.
: simpie, and representative, hased on

First model represents a high ievel
- crew activities. The data used to
- recognized as high level is given
C: Eowing Motion
v hrm Fiapping

Crouch and Pushoff
. Soaring
. Une-man Normal

. .One-man Forceful
- Two-man Normal
G Twoe-man Forceful

The second model

represents crew motion which

is restricted-to

Maueis For Filexibie Space Station

sturbances for
NASA Reference Fublication 10Z5

The

to

include

2 rahdom
Newton

25

. T
DO 3

are simi

a

Kelly and Dave

disturbance models were generated for use
tonzervative,
1.
which encompacses

il

be

{+

/'.-

in

shown

are given

re

in

ar

ot ion

zre nealtegible

only low level activities. The activities selected from those analyzed
in ref. 1 to characterize this low leve! are
¢ - . . .
~ Console Uperations
Keepiration, Coughing, Sneezing
. Arm Motion '
A Leg Motion T
Swaying Motion
~ The resciti ing mouvels are impiemented by runtivthg the output or
uibegr generstor, wiih uniform Jdistribution beiween +/- 1
o oles pounds farcel, through shaping transfer functiosns, Gls),
e in figures 1 and 2.
: The transfer function parzmetere fur ezch shaping filter
(- X . X ~ : R .
~ tzble 1. Notes on implementing these shaping filters in time
simulations are given in Eppendix A, encerpted -from chapter B
N ASSUmMPTIONE: :
e i. The force disturbantes along 2ii threze coordinaie zues
Q\ but uncorrelated,
,.. 2. The effects oFf the moment disturbances resuiting from crew
&2 apnlied gt the habit2t module of the Dual Keei [.0.C.
compared to the effects of the force disturbances from crew motion.



. .
\-'»"“ Model Generation:
£~ A. The following criteria were used in sefecting the crew motion models
L . )

1. The modetl must be simple, limited ta the form
& (R)#(Z#zeta¥amega) *s

G(g§) T w--m-ecmcrmeccmcccec e e ce o m o

o~ 2 2
- g <+ (Z*zeta*omegul¥s + omega
C where s is the LaFlace varizbile.

Z. The model must be conservative, with the model's PED at
. leest as streng as the FPED being zpproximated, at at!
C frequencies.

Z. The mode! must be representative, with & P 25 close Lo the

)
FED being mpptoximated as possible while still
triteria i

-
-

e

catisfying

4, The time histories of the mogel musl hzve mex peaks simitar
) to the max peaks oFf the data presented in ref. 1.
C‘ E. Method of Selecting 2 Power Spectral Density to Model
. The FSD to be modelled in each case was chaesen by taking ithe
' maximum FSD vailue over all three axes, for all activities in the
“ set, ut each frequency.
C . Method of Selecting a Simpie, Conservative, Representative Model for
the Power Spectrum
( The magnitude of the frequency response of a transfer function
of the form in criterion 1 above is shown in fTigure 3 for
. variocus values of dazmpirng. From the figure it can ke seen that
~ the ratio of "hump max" to "hump width" is a function of
- gamping ratio. "Hump mex" is ales a function of & cormgtant gain
C facter. G(s: Toar a mocdel was defermined by
1. Selecting a naturai Freguency to pos:tion the center
- _ af the “hump".
e . Z. Seiecting a dewping tetvo 1o acgust height over
widih,
. : F. Zeziwecting 2 constant 3ein to adjuzt the amipiitude of
C the Sunctian.
, The finzatl values were determiced 2afier 2 fow jierziione, end zre
. given in teble 1.
@ .
Table 1. Zheping Fitter Transfer FURLTIONS - -
. ORIGINAL PAGE
{ OF POOR QuALTy
. (Ki¥{Z%zetivamensa) %s
. Gig) 8 mecrcrecrc e e e e o
g + (Z#zeta¥*omegal¥s + omegz

o



e i e e 4 i s S e Y S P e A 6 e b m e

ORIGINAL PAGE IS

he

i

o~
(S .

‘ OF POOR QUALITY
y -
- b zata omega
(SE . cemeemmmam e ——— .- ———— --

High Leve!

P - Crew Moetion £.504 1.18 5.48 .
k,_ -

Low Level 2.44 1.35% Z.34
o Crew Maotion
k.

‘ Results:

Figures-1 and £ compare the modeled FED's with the actua! FED's
~ Figures 4 and 5 cshow time histories of random number generatar
b outputs run through the chaping filters. Figure & shows the

maximum and zverage force osutputs for the activities studied in
r ref. 1.,

Th2 maximus pezis of figures 4 znd & are zomewhat smz!ier than
. the dezta presented inm figure 4. This is partly because ‘fgure &
K represents totai farce 2a2nd figures 4 and &% are single zxisc

components, Aiso, the max peaks from the experiment data sitved
- in figure & loaok to be of high frequency content, and may not
~ inciuded. in the 3D deta presented in ref. 1 (0 to Z0 radg. sec
C, Recommendation:

‘ Due to the stochastic nature of crew disturbances, the shaping

fiiters given
representation
disturbznce re

N

am

.

. and Engineer

e

above should be used as a conservative
in time domain and frequency domaxn crew
sponse analyses.

‘: m@w | '
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$ TYPE DESIGN.COM
LR R R e 2 T T T
$!

x
| PINHOLE "OPTINAL® CONTROLLER DESIGN COMMAND FILE  *
g : INPUTS : :
ii [xp KP*KR] ----> IPS.D1  KP PORPORTIONAL IPS GRIN *
| KP] ---=> IPS.02 KR IPS RATE GRIN x
$! ALPHA ----> LOS PENALTY FUNCTION URLUE *
$! R ----> CONTROL EFFORT PENALTY URLUE *
g; RHO ----> DISTURBRNCE/NOISE WEIGHTING FUNC.
s i AERKKKKKKKRKERRKKKKERKKKKEKRRKRKKRREREERERKKKXEEERERKERERKKK
$!
$! GENERATING THE REDUCED ORDER PLANT EQUATION WHICH INCLUDES
§f THE CLOSED LOGP IPS CONTROLLER
$MPY POF3Y_R.B IPS.D1 TENP

$1PY TENP POF3Y_R.C1 TENP
$SUBT POF3Y_R.A TEMP PLT_IPS_R.A
g?PY POF3Y_R.B IPS.D2 PLT_IPS_R.B

$1 GENERATING THE PLANT EQUATION WHICH INCLUDES
g; THE CLOSED LOOP IPS CONTROLLER

$1PY POF3Y.B IPS,01 TENMP
$1PY TEMP POF3Y.C1 TENP
$SUBT POF3Y.A TEMP PLT_IPS.A
$IPY POF3Y.B IPS.D2 PLT_IPS.B

GENERATING THE REGULATOR GRIN MATRIX Kc
WHERE THE COST FUNCTION IS
J = INT 0->00 { (X" BETA" * ALPHA * BETR X)+(X"*ALPHA®BETA*U)+(U"*R*V) dt
INPUTS: (1) SYS_NAME.A
(2) SYS_NANE.B

(3) SYS_NAME.HC ---> Q HATRIX : STATE “"x* WEIGHTING MATRIX
0= ALPHA*BETA

(4) SYS_NAME.HD ---> g MATRIX : CONTROL "u® UEIGHTING MATRIX
] =p

PY ALPHA BETR PLT_IPS_R.HC

OPY R.DAT PLT_IPS_R.HD

gGH PLT_IPS_R

¥ PLT_IPS_R.B PLT_IPS_R.KC TEMP

UBT PLT-IPS_R.R TEMP TEHP

|G TENHP

ENAME TEMP.E REGULATOR.E

IFD REGULATOR.E

GENERATING THE KALMAN FILTER GRIN MATRIX Ko
INPUTS: (1)SYS_NANE.A
(2)SYS_NAME.C

I
!
!
!
!
!
!
!
!
f
!
!
f
i
n

“““ﬂ““ﬂ““““““““ﬂ““““““““Q‘

e e PN XD

N



AN

(3) 8' = SYS_NANE.U1 “"DISTURBANCCE PENALTY FUNCTION®
‘ = BIAG { RHO G}

(4) R = SYS_NAME.U2 °"MERSUREMENT NOISE PENALTY FUNCTION"

]
$!

$1PY GYK RHO TEMP

$DIA TEMP PLT_IPS_R.U1

$KFILT PLT_IPS_R

$HPY PLT_IPS_R.KO PLT_IPS_R.C TEMP

$SUBT PLT_IPS_R.A TENP TEMNP

$EIG TENP

$RENRME TEMP.E KALMAN.E

gﬁlFD KALMAN.E

$!  GENERATING THE CLOSED LOOP SYSTEM “Acl" MATRIX
$! AND CHECKING FOR STRBILITY BY FINDING ROOTS

gs OF THE CLOSED LOOP "Acl® MATRIX

$SCL PLT_IPS.B TEMP -1.0

$IPY TEMP PLT_IPS_R.KC TEMP12

$11PY PLT_IPS_R.KO PLT_IPS.C TENP21
$11PY PLT_IPS_R.B PLT_IPS_R.KC TEMP221
$MPY PLT_IPS_R.KO PLT_IPS_R.C TEMP222
$SUBT PLT_IPS_R.A TEMP221 TEMP

§SUBT TENP TENMP222 TENMP22

S' SAUING THE Y-AXIS CONTROLLER

UPY TENP22.DAT CONTROLER.Y.DAT
I1G_TENP22
SRIFD TEMP22.E
$AUG PLT_IPS.A TEMP21 TEMP1 0,1
$AUG TEWP12 TENP22 TEMP2 0,1
$AUG TEMP1 TENP2 ACL.A 1,0
$EIG ACL.A
$RIFD ACL.E
?DEL TENMP* *,*

?’ GENERATING THE OPEN LOOP LOS SYSTEM MATRIX “AOL_LOS"
1“[

bSCL PLT_IPS.B TEMP -1.0

$1PY TEMP PLT_IPS_R.KC TEMP12

$HPY PLT_IPS_R.KO C_OL.C TEMP21

$HPY PLT_IPS_R.B PLT_IPS_R.KC TENP221
$HPY PLT_IPS_R.KO PLT_IPS_R,C TEMP222
$SUBT PLT_IPS_R.A TEMP221 TEMP

$SUBT TEMP TEMP222 TEMP22

$AUG PLT..IPS.A TEMP21 TENP1 O,1

$AUG TENMP12 TEMP22 TEMP2 0,1

$AUG TEMP1 TEMP2 HOL_LUS R’ 1,0

$CoN TENP1 10,1,0

$HPY PLT_IPS_R.KO BOELTR TENP2

$SEL TENP2 TEMP21 A 4/P

$SEL TENMP2 TEMP22 R 5
Q@PEL TENP2 TEMP23 A 6
0D TEMP21 TENP22 TENP2

$ADD TENP2 TENP23 TEMP2/P




$AUG TENMP1 TEMP2 ROL_LOS.B 0,1
$SEL PLT_IPS.C TENPI 4 A
$SEL PLT_IPS_R.C TENP2 4 R

CL TEMP2 TEMP2 0.0

ué TEMP1 TENMP2 AOL_LOS.C 1,0
gDEL TENP* %, *



$ TYPE ANALYSIS.COM
§i:ta:*:***:*:**:s:a*::*:*:*********att**:::**::t****tttztaatt:
S': PIHHULE‘HHHLVSIS COMMAND FILE :
$ix FUNCTIONS: ¥
$ix *
zl* (1) CREATES CLOSED LOOP STOCHASTIC TIME *
3!: RESPONSE DATA :
gg: (2) CRLCULATES Mu FOR UNCERTRINTY IN FREQUENCY :
Si* (3) ChLCULﬂTE THE OPEN LOOP FREQUENCY RESPONSE *
g;: FROM LOS command ---> LOS sensed :
$1% *
$1x *
35: INPUTS: :
$i* {1) K, 2ETA, OMEGA ---> CREM MOTION SHAPPING ¥
gi: FILTER COIFICIENTS :
gg: (2) AMPLITUDE ---> CREW MOTION DIST. AMPLITUDE :
;%: (3) ACL.A,B,C ---> CLOSED LOGOP SYSTEM MATRIX :
§i% *
$i% *
$1% *
I s
x *
é*uuuuuuu*uutuan**un::wguununnuununn

$!
g: GENERATING THE FREQUENCY RESPONSE FOR OPEN LOOP LOS

$COPY [PINHOLER.HBW.D]AOLLOS, * * *
$!SCL AOL_LOS.C AOL_LOS.C -1.0
$PACK AOL_LOS AOL_LOS

ngESP AoL_LOS ©.001,100,50

$!  GENERATING THE CLOSED LOOP TIME RESPONSE TO STOCASTIC
;; CREW NOTION

$COPY EPIHHOLEH.HBU.D ACL.A *,*
$COPY [PINHOLER.HBU.DIPLT_IPS.* *.*
$CON TEMP31 2,8,0
$CON TEMP32 2.6.0
$COPY [PINHOLEA.HBU.D)GZ.DAT *,*
$HPY G2 DIST.C TEMPi3
$CON TEMP23 6,2,0
$AUG TEMP31 TENMP32 TEMP2 1,0
$AUG ACL.A TEMP2 TEMP1 0,1
$AUG TEMP13 TEMP23 TENP2'0,1
$AUG TEMP2 DIST.A TENMP2 0,1
$AUG TEMPT TEMP2 SYS_D.R 1,0
$CON TENP 14,1,0

‘iﬁgs TEMP DIST.B SVS_D.B 0,1

N TEWP 4,8,0

$AUG PLT_IPS.& TEMP SYS_D.C 1,0
$PACK SYS_D SYS_D



$THIST s¥s_D 40,0.01,0.01

! .
g! GENERATING THE CLOSED LOOP TIME RESPONSE TO STOCARSTIC
(gi CREW MOTION "HIGH LEVAL® ----> DISTH

$COPY [PINHOLEA.HBW,.D]ACL.A *, *
$COPY [PINHOLEA.HBU.DJPLT_IPS.* *.,%
$CON TEMP31 2,8,0

$CON TENP32 2,6,0

$COPY [PINHOLER.HBW.D]GZ.DAT *.*
$1PY G2 DISTH.C TENP13
$CON TENP23 6,2,0

$AUG TENP31 TEMP32 TENP2 1,0
$8UG ACL.A TEMP2 TENP1 0,1
$AUG TEMP13 TEMP23 TENP2 0, 1
$AUG TEMP2 DISTH.R TEHPZ 0,1
$AUG TENMP1 TEHPZ SYS_DH.A I 0
$CON TENP 14,1,0

$AUG TENMP DISTH.B SYS_DH.B 0,1
$CON TEMP 4,8,0

$AUG PLT_IPS.C TEMP SYS_DH.C 1,0
$PACK SYS_DH SYS_DH

$IHIST SYS-DH 40,0.01,0.01

$i GENERRTING THE CLOSED LOOP STEP RESPONSE TO FOR THETRips =.5 degrees
$i and n1 = 2 degrees

$COPY SYS_DH.DAT SYS_X0.DAT
$THIST SYS_X0 25,0.05,0.01
$ODEL *.X.*

EL *.XD.*

2% GENERATING Mu FOR FREQUENCY UNCCERTRINTY

$COPY ACL.A DELTAZ.R
$PACK' DELTAZ SYS_MU
$FRESP SYS_MU 0.1,100,50
$OET SYS_NU.G

gDEL TEMP* * *



